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Learning Objectives

By the end of this presentation, you will be able to:

A

A
A
A

Understand the basic physics of SAR interferometry

Describe what SAR interferometric phase tells us about the land surface and
landslides

Describe the necessary data processing for analyzing a time series of SAR
Interferometry measurements

Understand the information in SAR interferometric images and time series about
land motion
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Prerequisites

A ARSET Basics of Synthetic Aperture Radar 2017

A ARSET SAR Processing and Data Analysis 2017

A ARSET Introduction to SAR Interferometry 2017

A ARSET Interferometric SAR for Landslide Observations 2019
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SAR Interferometry Theory (Review)




SAR Interferometry Theory

A Quick review of synthetic aperture radar interferometry theory.

A See the 2017 ARSET training olntroduction
training olnterferometric SAR for Landsl i

A In SAR interferometry, it is all about the phase of the SAR signal.
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SAR Phase d A Measure of the Range and Surface Complexity

The phase of the radar signal is the number of cycles of
oscillation that the wave executes between the radar
and the surface and back again.

Number of Cycles . :
_ (actually millions!) The total phase is a two -way range measured in wave
0

1 cycles + random components from the surface.

Collection of random path lengths jumbles the phase
/ of the echo.

’9@,79
S Only interferometry can sort it out!

Slide modified from Paul Rosen (JPL)
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A Simplistic View of SAR Phases

41
Phase of Image 1 ¢ = - P + other constants + ny

41
Phase of Image 2 ¢, = P2 + other constants + n,

1. The oot her constantsodo cannot be directly

2. 00t her constantso depends on scatterer di
unknown and varies from cell to cell.

3. The only way of observing the range change is through interferometry
(cancell ation of oother constantso).

Slide modified from Paul Rosen (JPL)
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SAR Interferometry Applications oMapping

A Mapping/Cartography
I SAR interferometry was used for the 2000 Shuttle Radar Topography Mission
(SRTM), new 2018 release as NASADEM.

I Radar Interferometry from airborne platforms is routinely used to produce
topographic maps as digital elevation models (DEMS).

A 285 meter circular position accuracy

A 5810 m post spacing and resolution

A 10 km by 80 km DEMs produced in 1  hr on a mini -supercomputer
A NASA SAR topography presently acquired by GLISTIN

I Radar imagery is automatically geocoded, becoming easily combined with
other (multispectral) data sets.

I Applications of topography enabled by interferometric rapid mapping

A Land use management, classification, hazard assessment, intelligence,
urban planning, short and long time scale geology, hydrology.

Slide modified from Paul Rosen (JPL)
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SAR Interferometry Applications dChanges

A Deformation Mapping and Change Detection

I Repeat -pass radar interferometry from spaceborne platforms is routinely used
to produce surface change maps as digital displacement models (DDMSs).

A 0.181 centimeter relative displacement accuracy

A 108100 m post spacing and resolution

A 108350 km wide DDMs produced rapidly once data is available
I Applications include

A Earthquake and volcano monitoring and modeling

A Landslides and ground subsidence

A Glacier and ice sheet dynamics

A Deforestation, change detection, disaster monitoring
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Differential Interferometry

A When two observations are made from the same location in space but at
different times, the interferometric phase is proportional to any change in the
range or distance of a surface feature directly.

A0 . _4ap
r¢r? Df— / (f(tl) r(tz)) / Drchang(

Slide modified from Paul Rosen (JPL)
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Differential Interferometry Sensitivities

A The reason differential interferometry can detect millimeter -level surface deformation is
that the differential phase is much more sensitive to displacements than to topography.

0¢  2mpbcos(f0 —a)  2mpby

9h Npsin 0 = \psind Topographic Sensitivity
: 0o 47 _ o
(fe DF 8Ap = N Displacement Sensitivity
d(}f) 47I' bJ_ ) ce
Tdtopo — %O’h = psin Qah Topographic Sensitivity Term
% A . o
Odaisp = mdap = %4 Displacement Sensitivity Term
Since 9 << 1 ==> Doaisp -, Teopo
P OAp Oh

Meter Scale Topography Measurement - Millimeter Scale Topographic Change

Slide modified from Paul Rosen (JPL)
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Phase Unwrapping

A From the measured, wrapped phase, unwrap the phase from some arbitrary

starting location, then determine the proper 2 -p i phase oambiguity
2np 2mp - 5
APy = T(pl p,) = Tb °!
T A¢meas = mOd(A¢top0 ’2‘717)
-7t / A¢unwrap (S’p) = A¢topo(s’p) + A¢c0nst
A
" _— _— _— L

A ¢c0nst

A¢t0p0

Slide modified from Paul Rosen (JPL)
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Correlation* Theory

A InSARsignals decorrelate (become incoherent) due to
I Thermal and Processor Noise
I Differential Geometric and Volumetric Scattering
I Rotation of Viewing Geometry
I Random Motions Over Time

A Decorrelation relates to the local phase standard deviation of the interferogram
phase.

I Affects height and displacement accuracy
I Affects ability to unwrap phase

*0OCorrelationd and oCoherenced are ofter

Slide modified from Paul Rosen (JPL)
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INSAR Correlation Components

A Correlation effects multiply, unlike phase effects that add.

A Low coherence or decorrelation for any reason causes loss of information in
that area.

(=0, gl
where

r, IS volumetric (trees)

rgis geometric (steep slopes)
r.is temporal (gradual changes)

r.is sudden changes
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Wavelength: A Measure of Surface Scale

Light interacts most strongly with objects
around the size of the wavelength.

IR 6 om

N\ \\\ N
Forest: Leaves reflect X -band \\*‘“‘“ N I
wavelengths but not L -band m
\\§\\\\\\\ \\i\\:\\\\\

Dry Soils Surface looks rough
to X-band but not L -band

RNy )
\E“ 3 -

Ice : Surface and layering look
rough to X -band butnot L -
band

Slide modified from Paul Rosen (JPL)
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INSAR Coherence and Wavelength

SIRC L- and C -band Interferometry

A 6-month time separated observations to form interferograms
A Simultaneous C and L band

G-Band A =5.6¢m L:Band_) = 2tiom C-Band A =5.6cm L-Band % =24 cm NDVI

0 Correlation 1

20 km

1 Cycle of Interferometric Phase

1 Vegetation 0
INSAR experiments have shown good correlation at L -band.
Rosen, P. A., S. Hensley, H. A. Zebker, F. H. Webb, and E. J. Fielding (1996). Surface
deformation and coherence measurements of Kilauea Volcano, Hawaii, from SIR -C radar

NASAGs Applied Remot e se nidterferometry, Journal of Gepphysical Research 101, no. E10, 23109 -23125,
doi:10.1029/96JE01459.



https://arset.gsfc.nasa.gov/
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SAR Data for Landslides




SAR Satellites

European ERS-1 19921 2000
ERS-2 1995 2001 (i 2011 limited) | >° (1 3 183) 0
Canadian Radarsat-1 1995-2013 24 6
. 20031 Sep 2010 35
European Envisat Oct 2010 Apr 2012 30 0
Japanese ALOS Jan 2006 1T Apr 2011 46 24
German Terra SAR-X 2007 1T present 11 3
TanDEM-X 2010 T present
Italian COSMOTSkyI\/Ied 2007 1 present 16 (1, 4, 7, 8) 3
constellation
Canadian Radarsat-2 Dec 2007 - present 24 6
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New SAR Spacecraft

European Sentinel-1 (A: Apr 2014, B: May A 12 B: 6 5
2015)
Japanese ALOS-2 (May 2014) 14 24
Indian RISAT-1 (Apr 2012) 25 6
NASA-ISRO SARzE)Nzlf)AR) Mission (Jan 12 12 24
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NASA-ISRO SAR Mission (NISAR)

_ _ . _ NISAR Characteristic: Would Enable:
A H|gh Spat|a| I’eSO|UtIOI’] W|th frequent L-band (24 cm wavelength) Low temporal decorrelation and
T foliage penetration
reVISIt tlme S-band (12 cm wavelength) Sensitivity to light vegetation
A Planned launch date: Jan. 2024 SweepSAR technique with Global data collection
Imaging Swath >240 km
A Dual frequency |_ - and S-band SAR Polarimetry Surface characterization and
. (Single/Dual/Quad) biomass estimation
I L'band SAR fI’Om NASA and S ‘band 12-day exact repeat Rapid Sampling
SAR from |SRO 3-10 meters mode-dependent Small-scale observations
SAR resolution
A 3 years SC|ence Operat|0ns (5+ years 3 years since operations (5 Time-series analysis

years consumables)

consumables)

Pointing control < 273 Deformation interferometry

. . arcseconds
A A” S_Clence data WI” be made Orbit control < 500 meters Deformation interferometry
ava”able fl‘ee and Open >30% observation duty cycle Complete land/ice coverage

Left/Right pointing capability  Polar coverage, North and South

A https://nisar.jpl.nasa.gov

Noise Equivalent Sigma Zero < Surface characterization of
-23db smooth surfaces

Slide courtesy of Paul Rosen (JPL)
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https://nisar.jpl.nasa.gov/
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INSAR Examples:
Landslides Iin California




Slow-Moving Landslides
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Slow-moving and
+ catastrophic

Images courtesy of Anton Dille
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California Precipitation Variations
Precipitation (m/ yr)

Rainfall
from

20 to 4000
mm/ yr!

. . , o Data from PRISM
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